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(54) CERAMIC STRUCTURE 

(57) A ceramic structure obtained by combining a 
plurality of sintered ceramic material segments (3a, 3b) 
having a themial expansion coefficient of 3.0x1 0-«/*C or 
more and integrating them, in which ceramic structure 
thennal impact-relieving zones (5a, 5b) capable of re- 
leasing the thermal impact applied are provided be- 
tween the segments (3a, 3b) and the widths of the ther- 



FIG.l 



mal impact-relieving zones (5a, 5b) in the sectional di- 
rection of the ceramk: structure are various. This ceram- 
ic structure is capable of sufficiently release the thermal 
impact applied, without significantly reducing the effec- 
tive sectional area of the stmcture or the overall strength 
of the structure, and can have the universality capable 
of coping with various applications and various materi- 
als. 
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Description 

Technical Field 

[0001] The present invention relates to a ceramic structure obtained by combining to integrate a plurality of sintered 
ceramic material segments. 

Background Art 

[0002] When a ceramic structure of large thermal expansion is disposed and used in a site such as an exhaust gas 
passage that undergoes thermal impact, it Is feared that cracks may be fomied by the thermal impact. In order to solve 
this problem, there is disclosed In. for example, JP-A.8.28246, a technique of, as shown in Fig. 3. constituting a ceramic 
structure with a plurality of segments 3 and interposing an elastic sealing material or the like between the segments 3 
to release the thermal impact received. 

[0003] The thermal impact- relieving zones 5 formed by interposing the sealing agent or the like between the segments 
3 are preferred to be as wide as possible in the sectional direction of the ceramic structure, from the standpoint of 
thenmai impact relief. However, as the width W of the themial impact-relieving zones Is larger, the effective sectional 
areaof theceramicstructure used for Intended purpose is smaller correspondingly resulting in reductions in the overall 
properties and efficiency of the structure and further In the overall strength of the structure. Meanwhile, when the width 
W of the thermal impact-relieving zones 5 is designed at a small level, the thermal impact received is difficult to release 
sufficiently and the thermal impact-relieving zones 5 themselves or the segments 3 are impaired. 
[0004] The width W of the thermal impact-relieving zones is set preferably at an appropriate level so as to balance 
the above-mentioned parameters contradictory to each other. Balancing the two parameters actually, however is dif- 
ficult and the level of the themrial impact received differs depending upon the material of the segments 3, the material 
of the sealing agent or the like interposed between the thennal impact-relieving zones, and the application of the 
ceramic structure; therefore, there has been a problem that even If the width W of the thermal Impact-relieving zones 
has been optimized, its practical applicability Is very low. 

[0005] The present invention has been completed in view of the above-mentioned situation, and aims at providing 
a ceramic structure which can release the received thermal impactsufflcientlywithoutsignificantlyreducingthe effective 
sectional area of the ceramte structure and the overall strength of the structure and which is abound in the universality 
in materials and applications as a ceramic structure. 

Disclosure of the Invention 

[0006] According to the present invention, there Is provided a ceramic structure obtained by combining a plurality of 
sintered ceramic material segments having a thennal expansion coefficient of 3.0x1 0-6/»C or more and integrating 
them, characterized in that ceramic structure themial impact-relieving zones capable of releasing the thermal impact 
applied are provided between the segments, and that the thermal impact-relieving zones in the sectional direction of 
the ceramic structure have the diversity in the width. 

Brief Description of the Drawings 

[0007] 

Fig. 1 is a sectional view showing an embodiment of the ceramic structure according to the present invention. 
Fig. 2 is a sectional view showing other embodiment of the ceramic structure according to the present invention. 
Rg. 3 is a sectional view showing a conventional ceramic structure constituted by a plurality of segments. 
Figs. 4(a) to 4(c) are sectional views showing ttie ceramic structures used in Example 1 . 
Figs. 5(a) to 5(d) are sectional views showing the ceramic structures used in Example 2. 

Best Mode for Carrying Out the Invention 

[0008] In the ceramic structure of the present invention, the width W of thermal impact-relieving zones 5 is not uniform 
as shown in Fig. 3 and is diversified in the sectional direction (the zones 5 have large and small widths); thereby, the 
thermal impact received can be released sufficiently without significantly impairing the effective sectional area of the 
5 sintered ceramic material segments and the overall strength of the ceramic structure. 

[0009] Fig. 1 Is a sectional view showing an embodiment of the ceramic structure of the present invention, wherein 
sintered ceramic material segments 3a of large sectional dimension and 0 sintered ceramk: material segments 3b of 
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small ^onal dimension are arranged at random and integrated. Owing to such constitution, themial imDact-relievino 

zones Sa Of smallwidmarefom,ed between sinteredceramlcmateri^ 

5b of large width are fomied between sintered ceramic material segments 3a and 3b 

'''3-2.'^^^^°"«'^'«*«'«'»**"9o«»^«'-e'"'»dimentottheceramicstmctureofthepresentinvention wherein 
s ntered ceramic material segments 3b Of small sectionaldlmenslonare converged at thesectto 
su^^d smtered ceramic material segments 3a of large sectional dimension are arranged soTto iLrTnrh^ 
segmente 3b. As a result, between the sintered ceramic material segments 3a at the outermost part of the section a^ 
formed them,al .mpact-relieving zones 5a of smallest width; between the sintered ceramic mlnS se«n"^3a a^S 
3b present .ns,de the above outermost segments 3a are fom,ed ,hem,al impact-relieving zon JllS of iZTv^c^ aS 

[0011] When, in one section of a ceramic structure, there are located in the localized state themial imoact-relievino 
zones of large width and themial impact-relieving zones of small width, the properties (e.g. «reTh o? meS 

i^r^Vr^T"""" " « P-f--«^ that the zones Of large v^Jdth andte zo^i^ra" 

width are present in a somewhat mixed state, as shown in Fig. i. Depending upon the application of the ce^te 

letth^r^. " '^'"'""^ ^"^ impact-relieving zonS'be Cr at a ^S^^te 

W converges at the center of the section of the structure, it is also pre^^^ 

rJi2h*tn?m!r.T^ h'^'^rK' '"^ impact-relieving zones having a plurality 

tl^lhmTitTn 1^ f J"^' .""'^^'^^'"y applicability and can appropriately deal with the distribution o1 

ISruS r'"^ detem,ined for the material used for sintered ceramic material segments, the 

matena used for sealing agent orthe like, interposed between thermal impact-relieving zones and the intended appl^ 

SZie'dTrr^"" "f"™'" '^P«'«-«-"g ""es - -iform?, combined (Intrgrmed) auSl 

? P«««"t "ra^te structure, the diversity in the widths of themial impact-relieving zones is 

1 „r;^r k" ''^ P^^'^"' ^♦^'''"^^ ^''►^^"st gas passage as for 

of ?,'f. f ' purification, as mentioned later, the distribution of themml impact exists in the dion 

Solai SI , ° *• same reason for the case of the sectional direction. 

[0013J The sintered ceramic material segments constituting the ceramic stmcture of the present invention has a 

Tmore "'Aerials segments having a themial expansion coefficient of 4.0x1 0-e/'C 

f?„*!I1l. ^'"'^'^ ''^'^'^ ""^^"^^ segments preferably contain, as the main ciystalline phase, one kind selected 
from the group consisting of mullite. alumina, silicon nitride and silicon carbide. Siifcon carbide of Z tSen^iJl^ 
ductlvity .s particularty preferred because it releases the receh/ed heat easily. 

agen? a m« rrnTn^"'^"^'"^ '''""^ '"""9 ^^P* *^ '^^^'^^ a sealing 

H ^ T"^ ""'"'^^ 'f^^ P^«««"« ceramic structure is 

used as a part for exhaust gas punflcation (e.g. a carrier forcatalyst) as mentioned later, the gaps between the seanente 

o^f^mSTwih f ' T " ''""''"^ ' °' blow-throug^f exhausTg^ iTn^re 

preferabV wrth a sealing agent capable of bonding the sintered ceramic material segments with each other becJJse 
the resulting ceramic structure can further have a higher strength oecause 

i°SLt'^ersrcVn'h?u?<r^T'^'"*^^^''^^^ 

Tn^^ H I »' t*o 0^ ""o^e kinds. As necessary, an organic binder ar^ 

jnojanicbinderorthelikemay also be usedpreferablybecausethey can express theboding^^^^ 

K» JhKl'lf t?"^""* "'^u 3 section, the maximum width of thermal impact-relieving zones 

hrnltSes tSeZr^urj^V r "^iT °' ''"P-«-«"-"'g When the m«imum widtJis Z 

than 2 times the minimum width, it is impossible to obtain a sufficient effect, that Is. release the recehred thermal Imoact 
suff^ient^ wrthout signifteantly Impairing the effective sectional area of ceramic stmcture or ^roveSl TZ^h^,^ 
f«««^ Tiaximum width of 3 times or more gives a higher effect and Is more preferable 

SnSof^* minimum width of themial impact-relieving zones is preferably 0.1 mm or more, or 0.5% or more of the 
SSnumSwl ^ f longer Side when the segment section is rectangular). wJen the 

minimum width IS smaller than that, the ceramic structure hasaportlon(s)tooweak to the received ir^actl^^^^^ 
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thermal impact-relieving zones of larger widths exist around such a poition(s)l. 

[0019] The maximum width of thermal impact-relieving zones is preferably 15.0 mm or less, or 50% or less of the 
length of the shortest side of segment section (the shorter side when the segment section is rectangular). When the 
maximum width is larger than that, (even when themiaf impact-reiieving zones of smaller widths exist around the 
maximum width), the effective sectional area of ceramic structure is significantly reduced and the overall strength of 
the 0 structure is significantly decreased. 

[0020] As representative applications of the ceramic structure of the present invention, there are mentioned parts 
for exhaust gas purification such as carrier for catalyst for exhaust gas purification, filter for capturing the particulates 
contained in diesei engine exhaust gas. i.e. diesel particulate filter (hereinafter refen-ed to as DPF). and the like. In 
producing a ceramic structure of the present invention for use in such applications, there is used, as the sintered 
ceramic materials segments, a sintered porous ceramic material having a honeycomb structure, and a plurality of such 
segments are combined into an integral body to obtain a desired honeycomb structure. Here, "honeycomb structure" 
refers to a stmcture having a large number of through-holes (cells) divided by partition walls. 

[0021 ] When the ceramic structure is a honeycomb structure used as a earner for catalyst for exhaust gas purification 
or as a DPF. a distribution of thermal impact appears in the sectional direction. As the reasons therefor, the followings 
are mentioned. 



(1) The speed of exhaust gas has, in general, a distribution in the sectional direction of the honeycomb structure. 
Therefore, the heat of exhaust gas generates a temperature distribution in the sectional direction of the honeycomb 

^0 structure. 

(2) When the honeycomb structure is used as a canier for catalyst, the components of the exhaust gas entering 
the honeycomb structure give rise to various reactions including combustion, whereby the above-mentioned tem- 
perature distribution In the sectional direction is magnified. 

(3) When the honeycomb structure Is used as a DPF and the particulates deposited on the partition walls of the 
honeycomb structure are fired at a certain timing for reactivation of the DPF, the amount of the particulates depos- 
ited has a distribution correspondingly to the distribution of the speed of exhaust gas. The portion of larger partic- 
ulate amount, of the honeycomb structure naturally generates a larger heat in the firing conducted for reactivation. 



[0022] When the ceramic stmcture of the present Invention is used as a earner for catalyst for exhaust gas purification 
it is possible that a catalyst component is loaded on individual porous sintered ceramic material segments of honeycomb 
structure and then the loaded individual segments are combined (in this case, the catalyst component is loaded only 
on the porous sintered ceramic material segments), or. it is possible that individual porous sintered ceramic material 
segments are combined and then a catalyst component is loaded on the combined segments (in this case, the catalyst 
component is loaded on the porous sintered ceramic materials segments and. when a filler is interposed between the 
segments for formation of thermal impact-relieving zones, on the filler as well). 

[0023] When the ceramic structure of the present Invention is used as a DPF. each of adjacent through-holes (cells) 
of sintered ceramic material segment is blocked alternately at one end opposite to each other so that the two end 
surfaces of each segment show a checkered pattern as a result of the above blocking. 

[0024] When a diesel engine exhaust gas is passed through a ceramic structure having such segments from its one 
end. the exhaust gas enters the structure from the unblocked through-holes of the end. passes through the porous 
partition walls of each segment, and enters the through-holes blocked at the end but unblocked at other end. At the 
time of this passing through the partition walls, the particulates in the exhaust gas are captured by the partition walls 
and the particulates-removed exhaust gas after purification is discharged from the other end of the ceramte structure. 
[0025] As the deposition of particulates on the partition walls proceeds, the partition walls give rise to plugging and 
reduce their function as a filter. Therefore, it is conducted to heat the ceramic structure periodically by means of heater 
or the like to fire and remove the deposited particulates and recover the filtering function of the partition walls. In order 
to promote the firing of the deposited particulates during recovery, the ceramic structure may have a catalyst component 
loaded thereon. ^ 

[0026] When the sintered ceramic material segments are a honeycomb structure, the cell density thereof is preferably 
6 to 1 ,500 cells/in.2 (0.9 to 233 cells/cm2), more preferably 50 to 400 cells/in.2 (7.8 to 62 cells/cm^. When the cell 
density is less ttian 6 celis/in.2 (0.9 cells/cm2). the honeycomb structure is insufficient In strength and effective GSA 
(geometrical surface area); when the cell density is more than 1 .500 cells/in.2 (233 cells/cm2), the honeycomb structure 
comes to have show an increased pressure loss when a gas passes through the structure. 

[0027] When the sintered ceramic material segments have a honeycomb structure, the thickness of the partition 
walls is preferably 50 to 2.000 jim. more preferably 200 to 800 \xm. When the thickness of the partition walls is less 
than 50 ^lm. the honeycomb structure is insufficient in strengtti; when the thtokness of the partition walls is more than 
2,000 Jim. the honeycomb structure is low in effective GSA and the honeycomb structure comes to show an increased 
pressure loss when a gas passes through the structure. 
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(Example 1) 

5 

S^^nl'^o"'"^,"' honeycomb segments different in dimension [type A: 50 mmDx 50 mmL type B- 

^^L^^^JH,^'^^'"^ by 3x3 = 9 segments as sf,own in Figs. 4(a) to 4(c). and then integrated using a 
rn^m^ F I ^^"^ « to «=• «9"fes. A and B show the types of honeycomb segm^ts used 

[0030] Asshowninthefigures.lhestmctureawasconstitutedbyhoneyconisegmentsofty7eATnem^^ 
?«r.Tf .'T ' ^""^y^'*""" ^^g'"-"*^ Of «yP« a and 3 honeycomb segment of type 

fZ!j h /'^"^"If o' type A was 0.2 mm; the width of each themial impact-relieving 

zone fomied between honeycomb segment of type A and honeycomb segment of type B was 1 2 mm- and the 2 

« I^e^wS'^LrZrr'r T T"' ^^^'"^"'^ "'^^ ^ i m"." eTon^SS 
agent was coated also on the s.des of each structure in a thickness of 0.2 mm (1 .2 mm in ttie case of the type B) 

Thet^e A^."^;^ '° '^"^ ^" ''"•^^ °' « ^^'^ -ample wi cSoSTrom 

whXiToxT«rc"''^^ ^^''"'"''"''''^""'"^"'"'"'^^ 
» K ln.II? '° subjected to a themial impact resistance test. The test was conducted as follows 

qurckly at room temperature; th.s operation (one cycle) was repeated 30 times (30 cycles): then the resulUnq strurture 



Table 1 







Themial impact resistance 


Structure 


Total effective sectional area of honeycomb portion 
(cm2) 


Room temp. <^ 
700*C 


Room temp. ^ 
700'C 


a 


225 


O 




b 


219 


o 


o 


c 


207 


o 


o 


. CrackB appeared In the honeycomb and the bonding agent. 
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So ^Zillt^^ ' ' ^"^""'^ " ^'^""''"^ '° ^" embodiment of the present invention was low in loss of 
effective sectional area of honeycomb portion and showed good thermal impact resistance. 

(Example 2) 

m!S^Lf .??/'"*'^°of honeycomb segments different In dimension (type A": 30 mmOx 200 

Tt^'oTn • ^^'^ honeycombsegment. each of adjacent thmugh-holesvLblockeZSn«ely 

manner that each end surface of the segments showed a checkered pattern.) were combined by SxS = 25 JStJSSlte 

Tnd B^l"! ri^-,.'^"^ '"'^'^'"'^ "^'"9 ^ """'""S structures dYo gin thf ^uT^J 

ana a snow the types of honeycomb segments used » . 

e°2i^co^SJiTtr«^Smr»''"*~^^^^^^ 

,K!^!f ~"*"*"*ed by randomly arranging 20 honeycomb segments of type A' and 5 honeycomb segments of tvoe B- 

im^ntS tJ^^A'^soT;:.?' '"^hI" ' k ^^"'^"^^ °' '^^ ^' ""'^"^ ^ ^''^ 20 hone^r^ 

h3™K . f! cr"""*^ '"^ honeycomb segments of type B'; and the structure g was constituted by 

tl^^lT ° "^^ ^^^'^ ^* °' impact-relieving zone fom,3 

tlZHn '""^y*"""^ ^S'"^"'^ o' 'yPe A* was 0.3 mm; the width W, of each them,al impact-relieving zone ioZZ 
^^IrJZTT "^^V' ^"•^ ^""^y"""" ««ament of type B" was 2.3 mm; and the wiSh of each 

In Z 1« t""^ ""^ °' *yP« was 4.3 mm. The bonding agent was colted also 

on the SKles of each structure in a thickness of 0.3 mm (2.3 mm in the case of type B^ whereby each stmcture wm 

segments per se and measured for themial expansion coefficient in gas flow direction, which was 4 5x10^/»C 
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[0035] Each of the above structures was encased into a can. The can covered the sides of each structure* its sectional 
shape was such that the portion covering the structure was square and the two ends were tubular (60 mm in diameter) 
that IS, the square portion in the middle changed continuously to tubular front and back ends, whereby the can was 
fittable to a soot generator used in a thermal impact resistance test described later. Incidentally, the structure g was 
not subjected to the thermal impact resistance test because it fractured from the bonded portion at the time of accom- 
modation in can. 

[0036] Each of the structures d to f was subjected to a thermal impact resistance test. In the test, first each of the 
structures d to f was fitted to a soot generator and soot (particulates) was deposited by 35 g inside the stru'dure Then 
air preheated to BOO'C was introduced to fire the deposited soot. At this time, a thermocouple was fitted, for temperatur^ 
measurement, to the celts (soot-deposited cells) which were in the center or its vicinity of each honeycomb segment 
and blocked at the back ends, at the cell position of 1 70 mm from the front end of structure (30 mm from the back end 
of structure); as a result, in any of the structures d to f. the central honeycomb segment showed the highest temperature 
increase and reached 1 .400*C. After the test, the appearances of the structures d to f were observed; as a result the 
structure d showed cracks in its bonded portion and honeycomb segment. The results are shown in Table 2 



Structure 


Total effective sectional area of honeycomb portion (cm2) 


Thermal impact resistance 


Strength 


d 


225 




O 


e 


214 


o 


O 


f 


214 


o 


O 


g 

*1 : Cracks anc 


169 




X*2 



*2: Fractured at tha time of encasing Into can. 



30 



[0037] As shown in Table 2, the structures e and f (which were embodiments of the present invention) were low in 
loss of effective sectional area of honeycomb portion, maintained a strength resistant to encasing in the can, and 
showed good thennal impact resistance. 

Industrial Applicability 



[0038] As stated above, the ceramic structure of the present invention can release the received thermal impact 
^ sufficiently without significantly reducing the effective sectional area of structure or the overall structure of structure 
and can have the universality capable of coping with various applications and various materials 
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1. A ceramic structure obtained by combining a plurality of sintered ceramic material segments having a thermal 
expansion coefficient of 3.0x1 0^/-C or more and integrating them, in which ceramic structure thermal impact- 
relieving zones capable of releasing the thermal impact applied are provided between the segments and the widths 
Of the thermal impact-relieving zones in the sectional direction of the ceramic structure are various. 

2. • A ceramic structure according to Claim 1 . wherein the thenmal expansion coefficient of the sintered ceramic material 

segments is 4.0x1 0-«/*C or more. 



3. 



4. 



A ceramic structure according to Claim 1 . wherein the sintered ceramic material segments contain, as the main 
crystalline phase, one kind selected from the group consisting of mullite. alumina, silteon nitride and silicon cart>lde. 

A ceramic stmcture according to Claim 1 . wherein the thenmal impact-relieving zones are f omied by filling a sealing 
agent capable of bonding the sintered ceramic material segments with each other, between the sintered ceramic 
material segments. 

A ceramic structure according to Claim 1 . wherein in a certain section of the ceramic structure, the maximum width 
Of the thermal impact-relieving zones is at least two times the minimum width of the thennal impact-relieving zones. 
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^' ?f a^'?5TrSlS'^ '° ^^^"^ ^ ' ""'"^^^ '^^""^ ''"P^^ relieving-zones are In a range 

7. A ceramic structure according to Claim 1 . wherein the sintered ceramic material segments are made of a porous 
sintered ceramic material having a honeycomb stnjcture. y « are maae or a porous 

8. A ceramic structure according to Claim 7. which is used as a part for exhaust gas purification. 

9. A ceramic structure according to Claim 7. which is used as a carrier for catalyst for exhaust gas purification. 

' ex^a^g^^^^^^^ ""''"^ "^^^ ^ ^ ^^^"^"^ P-^-'-- contained in an 

11. A ceramic structure according to Claim 10. which has a catalyst component loaded thereon. 
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FIG. 4(a) 



FIG. 4(b) 



FIG. 4(c) 
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FIG. 5(a) 
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FIG. 5(c) 
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FIG. 5(d) 
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